This article thoroughly describes a data set of 1020 multivariate gait signals collected with two inertial measurement units, from 230 subjects undergoing a fixed protocol: standing still, walking 10 m, turning around, walking back and stopping. In total, 8.5 h of gait time series are distributed. The measured population was composed of healthy subjects as well as patients with neurological or orthopedic disorders. An outstanding feature of this data set is the amount of signal metadata that are provided. In particular, the start and end time stamps of more than 40,000 footsteps are available, as well as a number of contextual information about each trial. This exact data set was used in [Oudre et al., Template-based step detection with inertial measurement units, Sensors 18, 2018] to design and evaluate a step detection procedure.
Introduction
The study of human gait is a central problem in medical research with far-reaching consequences in the public health domain. This complex mechanism can be altered by a wide range of pathologies (such as Parkinson's disease, arthritis, stroke,. . . ), often resulting in a significant loss of autonomy and an increased risk of fall. Understanding the influence of such medical disorders on a subject's gait would greatly facilitate early detection and prevention of those possibly harmful situations. To address these issues, clinical and bio-mechanical researchers have worked to objectively quantify gait characteristics. A natural strategy is to measure a patient's movements while walking, compute a number of features from the collected time series and explore significant connections between those features and the patient's medical condition. To that end, gait is described as a succession of footsteps or gait cycles, which are further decomposed into a stance phase and a swing phase (see for instance [11] ). During the stance, a sequence of gait events takes place, based on the foot position (namely, heel-strike, toe-strike, heel-off, toe-off). The ability to identify, in a signal, the various cycles, phases and events of the gait, is essential to the understanding of human walking. In the literature, numerous studies have been proposed, using many different measurement apparatus: surface electromyography sensors [6] , instrumented treadmills [12] , motion capture camera [9] , etc. In this paper, as in several other published works [3, 2, 5, 13, 14] , we resort to foot-worn Inertial Measurement Units (IMUs) to measure subjects' movements. Those sensors were chosen because they are easy to deploy in routine clinical practice, and therefore allowed researchers to collect data from a large population. Precisely, a total of 230 subjects have been monitored while undergoing a given protocol during one or several clinical consultations. The protocol consisted in performing simple activities (standing still, walking 10 m, turning around and walking back 10 m) in a fixed order.
Strikingly, compared to the volume of published articles, very little of the collected data is freely available and documented enough so as to be reusable. The objective of open and curated sets of gait data is twofold. First, clinicians would be able to test and fairly compare clinical hypotheses, such as the discriminative power of walking patterns in a faller/non-faller population [4, 5] . Second, bio-engineers would be able to design and measure the accuracy of algorithmic procedures. In gait analysis, such procedures include, for instance, methods to detect, in a signal, the temporal boundaries (i.e. the starts and ends) of footsteps [14] . Several initiatives have emerged to achieve both objectives. A well-known example of freely available gait signals is the Daphnet data set [1], which consists of more than 8 h of time series, recorded with IMUs, from patients with Parkinson's disease. The authors also provide the start and end time stamps of a certain type of event, called "gait freeze". In the same way, the HuGaDB database [8] contains 10 h of signals, from IMUs and electromyography sensors. The associated time series are annotated with the activities performed by the 18 participants, for instance walking, going up stairs, etc. Similarly, in [7, 10] , 27 subjects have been monitored with the inertial sensor contained in a smartphone, resulting in more than 3 h of signal. Here, only the number of footsteps per trial is given by the authors. In contrast to existing data sets, the one we describe includes the exact start and end time stamps of all footsteps recorded by the sensors (more than 40,000 in total). Overall, our data set contains around 8.5 h of gait signals, collected with foot-worn IMUs from 230 subjects. To the best of our knowledge, this is the largest data set freely available, in terms of participants and footstep annotations. To illustrate the richness of this data set, several articles have already used part of it, in computer science and clinical research [3, 2, 5, 13] . One article has also used this exact data set [14] .
Contributions. This paper describes a set of 1020 time series, each associated with a number of contextual metadata. In detail, we distribute around 8.5 h of gait signals, collected from 230 subjects performing a sequence of simple movements (such as standing, walking and turning) in a fixed order. The measured population is composed of healthy subjects as well as patients with neurological and orthopedic disorders. One outstanding feature of this data set is the quantity of signal annotations that are provided. In particular, more than 40,000 footsteps have been manually annotated, meaning that the start and end time stamps are given. By its size, richness and quality of annotation, this data set constitutes an important contribution to the field of human motion studies. In addition to the data files and this article, code snippets to access, visualize and perform basic analysis are available online (github.com/deepcharles/gait-data 3 ) for several standard programming languages.
Acquisition
This section describes the participating population as well as the acquisition method and the measurement apparatus.
Participants
The data have been collected between April 2014 and October 2015 by monitoring healthy (control) subjects and patients from the following medical departments: Service de chirurgie orthopédique et de traumatologie de l'Hôpital Européen Georges Pompidou, Assistance Publique des Hôpitaux de Paris, Service de médecine physique et de réadaptation de l'Hôpital Fernand Widal, Assistance Publique des Hôpitaux de Paris, Service de neurologie de l'Hôpital d'Instruction des Armées du Val de Grâce, Service de Santé des Armées. The study was validated by a local ethic committee (Comité de Protection des PersonnesÎle de France II, CPP 2014-10-04 RNI) and both patients and control subjects gave their written consent to participate. Healthy subjects had no known medical impairment. Non-healthy participants are divided into two groups, depending on the pathology: the orthopedic group and the neurological group. The orthopedic group is composed of 2 cohorts of distinct pathologies: lower limb osteoarthrosis and cruciate ligament injury. The neurological group is composed of 4 cohorts: hemispheric stroke, Parkinson's disease, toxic peripheral neuropathy and radiation induced leukoencephalopathy. For the data set that is presented here, 230 subjects participated (141 males and 89 females). Participants' characteristics are provided in Table 1 .
Protocol and Equipment
All subjects underwent the same protocol which is now described. First, two IMUs (for Inertial Measurement Unit) that recorded accelerations and angular velocities were attached to the body: one on each foot (dorsal face) 4 
Data Description
This section presents in detail the collected data, which are composed of time series associated with metadata. The file format is also described.
Time Series
Each IMU records its acceleration and angular velocity in the (X, Y, Z, V) set of axes defined in Figure 2 . The V axis is aligned with gravity, while the X, Y and Z axes are attached to the sensor, as shown in Figures 2-b and 2-c. In total, the two IMUs that the participants wore provided R 16 -valued signals, sampled at 100 Hz. In this setting, each dimension is defined by a sensor ("R" for right foot, "L" for left foot), the signal type ("A" for acceleration, "R" for angular velocity) and the axis ("X", "Y", "Z" or "V"). For instance, "LRX" denotes the angular velocity around the X-axis of the left foot sensor. Accelerations are given in m/s 2 and angular velocities, in deg/s. An illustrative signal example is displayed in Figure 3 (only 8 dimensions are shown out of the available 16). The "flat part" at the beginning of each dimension is the result of the participants standing still for a few seconds before walking (see protocol description). The same behaviour can be seen at the end of each dimension, though for a quite smaller duration. In total, the data set contains more than 8.5 hours of gait signals. Figure 4 : (a) Medical definition of a gait cycle [11] . HS, TS, HO and TO respectively stand for heel-strike, toe-strike, heel-off and toe-off. (b) Adopted definition of the annotated foot activity, which is the period during which the foot is moving.
Metadata
A number of metadata are provided with the signals. Overall there are 16 variables, either numerical or categorical. One of the most important metadata consists in the footstep annotations, manually provided by medical experts. In gait studies, a footstep (or a gait cycle) is formally defined as the period between two heel-strikes of the same foot (see for instance [11] ). A gait cycle is further decomposed into a stance phase, during which the foot touches the ground, and a swing phase, during which the foot does not touch the ground. The stance phase is also described as the succession of the following four gait events: heel-strike (HS), toe-strike (TS), heel-off (HO) and toe-off (TO). This decomposition is schematically displayed in Figure 4 -a. In this data set, as in [14] , a slightly modified definition of a footstep is considered: a footstep is the period during which the foot is moving. Those footsteps are separated by periods when the foot is still and flat on the floor. Therefore, in our setting, a footstep starts with a HO and ends with the following TS of the same foot. The relationship between the medical definition of a gait cycle and its modified version is illustrated in Figure 4 -b. In the remaining of the article, to avoid any confusion, the period between a HO and a TS of the same foot is called a "foot activity period". All available metadata are now listed. 9. Laterality. Subject's "footedness" or "foot to kick a ball" ("Left", "Right" or "Ambidextrous").
10.
Sensor. Brand of the IMU used for the recording ("XSens" or "TCon").
11
. WalkedDistance (in meters). Crude visual assessment of the distance walked by the subject from the start to the turn (therefore half the total walked distance).
12.
WalkingSpeed (in km/h). Average walking speed of the subject during the trial (based on WalkedDistance).
13. PathologyGroup. Grouping described in [14] and based on the subject's pathology. This variable takes value in {"Healthy", "Orthopedic", "Neurological"}.
14.
IsControl. Whether the subject is a control subject ("Yes" or "No"). A few general comments can be made about those metadata.
-Any of the described variables can take the value "NC" which stands for "Not Communicated".
This label replaces missing data and depending on the variable may affect up to 2% of the database. Also, because a few subjects have undergone multiple trials over several months, the variables Age, Weight, Height and BMI can change, for a given participant, between trials.
-For the PathologyGroup variable, healthy (or control) subjects had no known medical impairment. The orthopedic group is composed of 2 cohorts of distinct pathologies: lower limb osteoarthrosis and cruciate ligament injury. The neurological group is composed of 4 cohorts: hemispheric stroke, Parkinson's disease, toxic peripheral neuropathy and radiation.
-All foot activity, either of the left foot (LeftFootActivity) or of the right foot (RightFootActivity), was manually annotated by specialists using a software that displayed the signals from the relevant sensor (left or right foot) and allowed to point with the mouse the starts and ends. An illustrative example is provided in Figure 5 : the repeated patterns correspond to periods when the foot is moving. During the non-annotated periods, the foot is flat and not moving and the signals are constant. Overall, this data set contains 40,465 annotated periods (20,225 for the left foot, and 20,240 for the right foot). More statistics can be found in Table 2 . 
Data Format
Data are distributed in universal data structures which are supported by all modern programming languages, namely Comma-Separated Values (CSV) and JavaScript Object Notation (JSON). In detail, each trial is associated with two files. The first one has a .csv extension and contains the time series. The second one has a .json extension and contains the metadata. Files are identified by the Code variable which uniquely determines a trial and is equal to "Patient-Trial". For instance, the trial n • 2 of subject n • 10 is associated with the two following files: 10-2.csv and 10-2.json. As a result, the complete data set has 2040 files, equally distributed in .csv and .json files. A signal file (ending in .csv) has T + 1 rows, where T is the number of samples, and D = 16 columns. The additional row, located at the beginning of the file, is a header and contains the column names, separated by commas ("LAV,LAX,LAY,LAZ,. . . ", see Section 3.1). The columns are organized according to the lexicographical ordering. Accelerations and angular velocities are respectively expressed in m/s 2 and deg/s, both with a six-digit numeric precision. A metadata file contains the names and values of the metadata described in Section 3.2 and follows the JSON format (www.json.org 5 ). In a nutshell, each file is an unordered set, enclosed by braces, of name/value pairs. Pairs are separated by commas and are arranged as follows: "name: value" (for instance, "Age: 54"). Excerpts of such files are displayed in Figure 6 .
Data Availability
This data set is distributed under a Creative Commons CC-BY-NC-SA license (creativecommons.org 6 ).
Conclusion
In this article, we have described a set of 1020 time series, each associated with contextual metadata. Overall, 8.5 h of gait signals, collected from 230 subjects following a fixed protocol, are provided. The measured population is composed of healthy subjects and patients with neurological or orthopedic disorders. In addition, the metadata contain the start and end time stamps of more than 40,000 gait events. This data set can be used to test and compare clinical hypotheses [2, 5] as well as assess the performance of algorithmic procedures, step detection [14] for instance. The data are made available under a CC-BY-NC-SA license, in universal file formats (JSON and CSV). Code snippets to access, visualize and perform basic analysis are available online (github.com/deepcharles/gait-data 7 ) for several standard programming languages.
